Many microorganisms (including a number of important foodborne pathogens) can be present on raw fruits and vegetables. Since these products are frequently eaten raw, any pathogens present represent a potential risk to the consumer. The objective of this study was to compare the ef cacy of a commercial produce wash with that of water for reducing the total bacterial population on lettuce when used by food service employees in university dining halls. Because this study was carried out in actual food service facilities during their daily operation, we used indigenous produce micro ora instead of actual pathogens. Over the course of the study, more than 40 heads of lettuce were divided into thirds, and each section was analyzed for total plate count either before washing, after washing in water, or after washing in Victory produce wash. When initial contamination levels were $100 CFU/g (n 5 36 samples), reductions obtained with Victory produce wash (1.8 log CFU/g) were signi cantly larger (P 5 0.0006) than those obtained with water (0.8 log CFU/g). Our results indicate that Victory produce wash is effective in reducing indigenous ora on lettuce during food service preparation. Our results also show that care must be taken in the analysis of microbial reduction data: only a slight reduction in total plate count (ca. 0.1 log CFU/g) and no signi cant difference in reductions (P 5 0.84) were observed when all samples (irrespective of initial contamination level) were compared.
Lettuce sold to consumers in an unprocessed or minimally processed form has in some cases resulted in food poisoning outbreaks. Outbreaks occurring between 1984 and 1998 and involving Salmonella spp., Escherichia coli O157:H7, and Campylobacter jejuni (10) have been linked to lettuce consumption. In 2002, lettuce was con rmed to be the vehicle for the Shigella sonnei that sickened ve people after the consumption of a salad in a food service establishment (10) . Many techniques have been used to reduce lettuce contamination (including irrigation, harvest, and postharvest processing interventions), yet contamination may sometimes be unavoidable. In addition to contamination attributable to farming and harvesting practices, further handling in the food service setting can add to levels of bacteria as well. Chen et al. (2) reported that even if proper hand-washing methods are followed, microorganisms may still be present and can be transferred from washed hands to lettuce during chopping.
Research on the ef cacy of washing with water and that of washing with sanitizing solutions has yielded conicting results. Li et al. (6) reported that the immersion of cut lettuce in water with or without chlorine reduced initial populations of aerobic bacteria by 1.73 to 1.96 log CFU/g. Singh et al. (8) reported that the washing of shredded lettuce with deionized water reduced populations of E. coli O157:H7 by only 0.22 log CFU/g but that multiple washings in deionized water resulted in a reduction of 0.76 log CFU/g. The rinsing of lettuce with common household sanitizers, including distilled water, apple cider vinegar (5%), lemon juice (13%), bleach (4%), and white vinegar (35%), reduced aerobic bacterial populations by averages of 0.6, 1.2, 1.8, 1.9, and 2.3 log/g, respectively, without severely affecting sensory attributes (11) . Kim et al. (4) reported the inactivation of 1.4 and 1.8 log CFU/g of mesophilic and psychrotrophic bacteria, respectively, after treatment with a 1 mM chlorine solution and the inactivation of 2.0 and 2.9 log CFU/g with a 2 mM chlorine solution. Washing cut lettuce in chlorinated water (100 mg of total chlorine per liter) reduced E. coli O157:H7 populations by 1 to 2 log CFU/g, depending on the temperature of the wash water (3). Yet, Li et al. (5) reported no signi cant decrease in E. coli O157:H7 levels on cut lettuce after treatment with chlorine at 20 ppm before or after inoculation at either 50 or 208C. Inoculum levels of Listeria monocytogenes were reduced by 1 log CFU/g after washing with chlorinated water (100 of total chlorine mg per liter) at 4 or 478C (3). Beuchat et al. (1) found that rinsing lettuce with chlorine for 1 to 10 min lowered the Salmonella concentration from 4.53 to 2.93 log CFU/g. Previous studies have evaluated the removal of natural micro ora or inoculated pathogens in a laboratory setting. The present study was undertaken to investigate the ef cacy of a produce wash in the removal of native micro ora during daily food service tasks in a real-world setting. The lettuce was processed and washed by food service employees according to Rutgers Division of Dining Services stan- Samples were enriched in lactose broth and then in tetrathionate broth for 4 and 24 h, respectively, at 378C. The broth was streaked onto bismuth sul te, xylose lysine desoxycholate, and Hektoen enteric agar and incubated for 24 h at 378C. Suspect colonies were Gram stained, and enterotubes were used if morphological characteristics were correct.
Staphylococcus aureus
Homogenate was plated on Baird Parker agar supplemented with egg yolk tellurite and incubated for 48 h at 378C. The coagulase test was performed on presumptive positive colonies for con rmation.
Listeria monocytogenes
Samples were enriched in Listeria enrichment broth for 48 h. The enrichment was streaked on PAL-CAM agar after 24 and 48 h. Suspect colonies were streaked onto tryptic soy agar supplemented with yeast extract and incubated for 24 h at 378C. Gram staining and MicroID Listeria (Remel, Lenexa, Kans.) were used for con rmation. dard procedures. Because the study was completed in a functioning real-world establishment, aerobic mesophilic plate counts were used instead of pathogenic bacteria.
MATERIALS AND METHODS
Collection of lettuce samples. The collection of all samples took place at two Rutgers University dining halls over a period of 3 months. Heads of lettuce were collected from produce refrigerators, and the outermost two or three layers and the core of each head of lettuce were removed in accordance with standard Division of Dining Services practices. Each head was then divided into thirds. One third was immediately placed in a sterile 55-oz Whirl-Pak bag (Nasco, Fort Atkinson, Wis.) for transport. The second third was held and rotated under the faucet of a food service sink with cold water for ca. 20 s before it was placed in a Whirl-Pak bag. The remaining third was held and rotated for ca. 20 s under the faucet of a food service sink equipped to dispense Victory produce wash (Ecolab, St. Paul, Minn.). Faucets equipped to dispense Victory produce wash in this manner produce a stream of tap water containing hydrogen peroxide and peroxyacetic acid at a concentration of ca. 60 ppm. All preparation, cutting, and cleaning was completed by a food service employee at the establishment. The samples were transported to the laboratory within 1 h in an insulated bag containing ice packs. Lettuce samples were held at 48C until microbial testing began (within 2 h). A total of 43 heads of lettuce were analyzed.
Microbial analysis of lettuce samples. Twenty-ve grams of lettuce was weighed into a sterile lter bag (BA6141/STR, Seward Ltd., London, UK) and masticated (Lab-Blender 400, Cooke Laboratory Products, Alexandria, Va.) with 225 ml of sterile Butter eld's diluent for 2 min. The samples were serially diluted, surface plated on total plate count (TPC) agar, and incubated at 378C for 24 h. The homogenate from the sample preparation was used to test for total coliforms, E. coli, Salmonella spp., Staphylococcus aureus, and L. monocytogenes according to the methods outlined in Table 1 . Unless otherwise noted, all microbiological media were obtained from Difco (Becton Dickinson and Co., Sparks, Md.).
Statistical analysis.
Data were compiled and plotted with Sigma Plot version 8.0 (SPSS Inc., Chicago, Ill.). Log-transformed data were compared for signi cant differences (P 5 0.05) with SAS statistical software (SAS Institute Inc., Cary, N.C.).
RESULTS AND DISCUSSION
No pathogenic bacteria were detected in the rst 24 lettuce samples tested. Total coliform levels for all samples were ,100 log CFU/g. Subsequent lettuce samples were tested only for TPC. These results are not unusual and are consistent with those reported by the Public Health Laboratory Services (PHLS) in the United Kingdom. The PHLS tested 151 imported whole-lettuce samples and did not detect Salmonella spp., Shigella spp., Campylobacter spp., E. coli O157:H7, or L. monocytogenes (7) .
The aerobic plate counts for unwashed lettuce samples ranged from 0 to 5.14 log CFU/g, with 88% of the samples having microbial loads of .2 log CFU/g and 65% of the samples containing .3 log CFU/g. The distribution of total aerobic counts is shown in Figure 1 . The aerobic plate counts for unwashed lettuce samples were in general agreement with results obtained by Vijayakumar and Wolf-Hall (11), who found 10 3 to 10 5 CFU of aerobic, mesophilic microorganisms per g of untreated lettuce. The values obtained in the present study and those obtained by Vijayakumar and Wolf-Hall were generally lower than those obtained by Soriano et al. (9) , who reported values of 3.0 to 7.8 log CFU/g for untreated lettuce.
Minimal decreases were seen after lettuce (n 5 43) was washed with tap water (resulting in decreases of 0.1 6 1.42 log CFU/g) or Victory produce wash (resulting in decreases of 0.05 6 1.76 log CFU/g), and no signi cant difference was detected between the two methods with respect to the reductions achieved (P 5 0.84). Some studies have shown insigni cant reductions (0.04 log CFU/g (9)) or only marginally signi cant reductions (0.6 log CFU/g (11)) in aerobic plate counts after washing in distilled water.
Further data analysis revealed that unwashed, waterwashed, and Victory-washed lettuce samples had different nal TPC distributions (Fig. 1a through 1c , respectively). Washing with water shifted the TPC distribution lower, and an even more pronounced shift was evident after lettuce was washed in Victory produce wash. The average TPC values decreased from 3.4 6 1.2 to 3.0 6 1.0 log CFU/g after lettuce was washed in water and to 2.0 6 1.3 log CFU/g after lettuce was washed in Victory. The percentage of samples containing .2 log CFU/g decreased by 7% after lettuce was washed in water and by 32% after lettuce was washed in Victory. The percentage of samples containing .3 log CFU/g was reduced by 14% after lettuce was washed in water and by 42% after lettuce was washed in Victory. It should be noted that the presence of large bacterial populations in some samples washed with either water or Victory suggest that some bacteria in these samples are located in protected sites or are internalized within the lettuce tissue.
Further statistical analysis revealed that when samples containing initial contamination levels of $2 log CFU/g were analyzed separately (n 5 36), the reduction achieved with the Victory produce wash (1.8 log CFU/g) was signi cantly larger (P 5 0.0006) than that achieved with tap water (0.8 log CFU/ g). No correlation between the contamination level of unwashed lettuce and the log reduction in micro ora was observed for either washing method (data not shown).
Victory sanitizing wash was more effective in reducing indigenous micro ora on lettuce in a food service setting than water was. This is an important nding, since most other published studies on the removal of aerobic bacteria have been carried out in a laboratory setting with distilled or deionized water.
The results of the present research also show the importance of thorough data analysis. Care must be taken when analyzing the effectiveness of treatments designed to produce reductions in microbial populations. Our analysis shows that the initial microbial population may in uence the apparent effectiveness of a given treatment. The inclusion of a number of samples with low initial contamination levels was able to confound a cursory statistical analysis and mask the effectiveness of a produce sanitizer compared with that of water.
